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The problem of assigning the closed loop poles of a Tinear time-invariant
multivariable system using a proper, l1inear, time invariant, output feedback
compensator continues to be of great intsrest. Even though several {ssues
remain unresolved, good progress has been made, as evidenced by the {nteresting
work of many researchers (see references for a partfal \ist). |——-—
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where P is a given strictly proper mxt transfer function (order n) and C an
2xm proper transfer function (order q, which s to be coritructed) both having
elements in R(s) the field of rational functfons in s over the reals R.

If one focuses attention on the constant (static) output feedback pole
assignment problem, it is evident by counting dimensions that me>n 13 a

necessary condition [14]. In a recent paper, Herman and Martin [8] show
that me>n 1s a sufficient condition for generic pole assignment provided
one allows complex ntricis K in the feedback 1oop. Willems and Hesselink [14]
show that for almost all systems with m=t=2, n=4, (mt=n) generic pole
assigmment (with real K) is not possible. On the other hand, Brockett and
Byrnes [3] proceeding from a geometric viewpoint show that {if efther

min(m,s)=1 or min(m,2)=2 and nix(a.z)-zk-I. then meen {s a sufficient
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condition for generic pole assignment. Using & differeat approach, Morse,
Nolovich and Anderson [13] give 3 comstructive proof of the fact thet with
t=3, ==2, =6, mten is & sufficient condition for gemeric pole assigmment.

Perhaps the stromgest resvlt thus far is dus to Kimwre (0], (see also
[1. 3, 8]). It states thet for & controllable cbservable plant (order o,
®» owtputs, ¢t inputs) 1t is “almost always® possible to assign win(n, wet-1)
closed loop poles arditrarily close to & given set of resl and complex
conjugate valuss by constant cutput feedbeck. This fmplies that at-1ra
1s a sufficient condition for generic pole assigmuent. Ia & follow-w
paper, Kimurs [11] gives & better bound mttér-1va, subject to the comstreiats
that B, t>n where A, u are the controllability and cbeervability indecies of
the system, respectively.

The above results deslt with the question of pole assigmment by comsteat
output feedback (1.0. when the compensator wes restricted to be of order 2ere).
A very natural extension of these fdess is to comsider the sitwation when &
proper output feedback compensator of & fixed order q, 1s used. In 1970,
Srasch and Peerson (2] showed thet for a controllable cbservable plant, &
compensator of order q * win(a-1, y-1) 1s sufficient to achieve pole assign-
ment. Recently, Willems and Merselink [14] showed that q(me*2-1) ¢ meon 1s
a necessary condition for gemeric pole assignment in the class of proper
output feedback compensators of order q. Extending their constant output
fesdback result to the dynamic case Antsaklfs and Wolovich (1] shov
with a compensator of order q, win(ntq, m*t+2q-1) closed Yoop poles .
generically assigned. This Tesds to a worse bownd (1n many cases) thea the
earlier Brasch and Pesrson result [2]. Using a different approsch (7], ome
can show that generically, min(meq, (q*1)a+q) closed 100p poles can be

. .
assigned with a compensator of order Q.M‘mm?w~
. m. technlc"l o33t h” “sﬂ rev
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Welovich reswit{)) (1» vany cases) sad cofacides with the esrliier Bresch and
Pesrsen result (2], vhen q = »-).

The appresch suggested ia (7] end aaplayed o this paper as wel), procesds
y wsing input-cutput trensfor functions fa the freguency damsis and by
eploiting o formslation based en matriz frectien dsscriptiess (6, 9] ond
generelized Sylvester resvitants [12).

Let the given system Do expressed &s:

a1~ -2
and the feedbeck compensstor C (to be fewnd)

coxly
where Ry, Oy sre right coprime ond X,V left coprise. Thes the clesed lesp
trangfer function 1s:

s 21000,
and the closed Yeop cherectaristic pelymantal (4)

o(s) © odet(XDyy * Vigy) ofe o constant.

°
Now 1t can be showm (7] thet f X, ¥ ere restricted te bo:

[ats). 0, ..., 0 21108)s 732(8)s oc0 21g(8)s oeo yig(s)
] 0
Xe E ".‘ Ve : et 0
0 0

(x(s) a polynomial of degree g, ’u"’ of Gogren q) and f P tas eque!
control1ability indecies (m=at) whvich taplies that Ry, Opp €30 B0 written as
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| then o(s) can bo axpressesd as [7)
ols) = x(s) (&),(s) 4y ls) » ... ¢ &, 4y,(s))
L

¢
¢ yis) (ads)e_(s) ¢ ... » g (s) o, (s)).
q n §'% &
.
Now yis) fs the first ram of ¥, (¢),(5). ..., 6 (s)) the First rew of Oy,

8y e 5 colum of gy, 4y4(s) the aserenriots (s-1) & (s-1) wisers of o
8% Grte s coputed by emending by the first rew, (s); g2 20 Contaie
CHpeNstr poransters). Now a{s), gis) teclete (@) )neq porensters, ane
ols) nes coefficients wich ore Ligaar fte these poremsters. This ollewm (7)
for the gamerie arvitrery ssstigment of (o*))erq clesed lomp poles.
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